ABSTRACT The correlations between progressive massive fibrosis (PMF), emphysema, and impairment of ventilation were studied in 108 dead coalminers, all of whom had suffered with complicated coalworkers' pneumoconiosis (radiological category B or C) during life. The findings indicated that both factors were contributing to impairment of ventilation in proportion to their size or extent, but these contributions were in the main independent of one another. A joint opinion on the types of emphysema found to be present in a random 50 out of the 108 cases was given by two pulmonary pathologists. They found that most of the emphysema was of the centrilobular variety, which appeared to be unrelated to the PMF. The distribution of the PMF throughout the lungs both radiologically and anatomically is shown.
Although it is generally acknowledged that coalworkers' pneumoconiosis accompanied by progressive massive fibrosis (PMF) is a significant cause of disablement and premature death in the coal mining industry in Britain,' the relative contributions to disablement by the massive fibrosis and accompanying factors, such as emphysema and additional fibrotic disease in the lung fields, have not, to our knowledge, hitherto been separately investigated. In many substantially disabled cases who exhibit PMF it seems unlikely that the mere space-occupying effects of the mass in itself would be sufficient to give rise to the accompanying disablement, whereas patients are often encountered who, despite the presence of extensive bilateral PMF, are leading normal lives and are not significantly disabled; clearly the size of the PMF in itself is not the only, nor perhaps even the main, determinant of disablement. We decided to explore this aspect in a group of dead miners who suffered from PMF during life in all of whom radiological, physiological, and pathological findings including large lung sections are available.
The group consisted of dead miners with PMF with radiological changes amounting to category B or category C of the ILO classification extracted The outlines of the PMF shadows in each case were traced on to transparent plastic sheets, which were placed over the radiograph. Each sheet had two horizontal lines spaced so as to indicate upper, mid, and lower radiological zones. These outlines were then measured using squared paper; they ranged in area from 5 to 82 cm2 with an average of 26 5 cm2. Because of lack of clarity in many of the shadows it was not always possible to obtain absolute accuracy, but all the areas were measured twice using both 1-cm and 2-cm squared paper. A random sample of the shadows was retraced when it was found as might be expected that the largest errors were in the tracing of the ill-defined shadows. On the whole, the remeasurement proved to be surprisingly comparable, being within plus or minus 05 cm2 of the first measurement.
The total area of PMF in each case was then related to the fall in FEV1 below that expected of a man of the same age and height, to FEV/FVC ratio, and to the emphysema count. The distribution of the PMF in radiological and anatomical terms was also recorded by comparing the radiograph and the saggital whole lung section. To ascertain so far as possible the nature of the emphysema two pulmonary pathologists (R Seal and J C Wagner) undertook jointly to study and report on a random selection of 50 large lung sections out of the total of 108.
Two possible biases may have occurred. Firstly, the method of emphysema counting assumes that the total area of large section will be available for counting whereas if gross PMF were to occupy a large area the emphysema count may be reduced. Since the average area of PMF in the left lung section studied amounted to only 11 cm2 and in only 15 cases exceeded 20 cm2, we consider that the effect on the emphysema count was unlikely to be more than marginal. The second possible source of bias arises from the fact that the emphysema count is based on the finding from one lung only whereas the PMF estimation includes both lungs. Although it would be reasonable to assume that the emphysema count in both lungs would be roughly similar, this might not be so'where different sizes of PMF were present in each lung, particularly if the PMF was The segmental distribution at necropsy was estimated from the saggital sections, and as, due to possible distortion, it was difficult in some cases to be certain whether a lesion was in the posterior or anterior segment only approximate percentage figures are given. Sixty per cent of all lesions were in the posterior segment, but 75% of the lesions in the upper zone were posterior whereas only 30% of those in the middle and 60% of those in the lower zones were posterior. When there was mid-zone involvement the PMF had usually spread downwards and anteriorly from the upper zone. Table 2 shows the correlations between area of PMF, emphysema count, fall in FEV1, and FEV/FVC 
Discussion
The overall findings seem to indicate that both PMF and emphysema usually make largely separate, independent contributions to impairment of ventilation in proportion to their size and extent. In cases where compensatory emphysema related to PMF is present in substantial degree the roles of both may be interdependent, but such cases it would seem are the exception according to the pathologists; fig 3A is probably an example of this type of emphysema. The possible bias referred to earlier concerning differing areas of PMF in both lungs should not operate significantly in these circumstances, since the amount of emphysema would not be dependent on the area of the PMF in most cases.
The pathologists' report indicating that most of the emphysema is centrilobular in type and distributed in relation to the smaller dust foci similar to that found in coalworkers' pneumoconiosis without PMF, is well shown in figs 3(b) and (c). These figures also show that despite the presence of large areas of PMF, there is little significant shrinkage of the lung and the outline is well preserved; and even 
